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ABSTRACT

The effects of heavy metals on the distribution and abundance
of aguatic insects in the Boulder River were studied during 1975 and
1976. On the upper Bouldser River, concentraticons of total zinc wers
highest at Station 2 below derelict mining and milling sites where they
averaged 0.25 mg/i. The insect community at this station in August aand
September samples was 29, 81, and 4% percent lower in average total
nurber, average total weight, and average number of subordinal taxa,
respectively, than at Station 1 above the polluticon sources. On the
iower Boulder River, the highest sverage concentration of total zinc
was 0.31 mg/1 and occurred at Station 5 below the heavy metals laden
floodpiain., The insect community at this station in August and Sep-
tember samples was at least 30, 19 and 18 percent lower in average
rotal number, average total weight, and average number of subordinal
taxa, respeciively, than at Stations 3 or 4 above 1t. The aquatic
inssct community at Station 5 was at least 62 and 69 percent lower in
average total number and average total weight, respectively, than at
Stationg 6 through 8 below it. The number of subordinal taxa at
Stations 5 and & were lower than at Stations 7 and 8.



INTRODUCTION

Hardrock mining for metallic minerals in the Bouldexr River
drainage was intensive in the late 1800's and early 190G0's. Roby et
al. (1960} summarized the extent of the mining for these minerals in
Jefferson County and reported there had been at least 71 ore-producing
mines and 15 mills in the upper Boulder and Elkhorn drainages. Pres-
ently, few mines are being worked in the drainage.

Mining has produced adverse effects on the Boulder River below
the town of Basin. Appraisal of the water quality in the drainage by
Braico and Botz {1974) revealed heavy metals from acid mine seeps and
mill tailings were causing a “"major water guality impairment.® Sam-
pling of the sediments in the river channel and floodplsin disclosed
high concentrations of zinc, copper and lead extending some 40 ¥m
downriver below the source arsas [(Vincent 1973). In the upper Boulder
River, Nelson (1978} found depressed standing crops of trout and high
mortalities of bioassayed eved eggs and fingerling rainbow frout
(Salmo gairdneri} associated with higher heavy metals concentrations in
the river. Vincent {1975} partially attributed the low numbers of
tyout in the lowey Boulder River to heavy metals pollution. A prelim-
inary investigation of the aquatic insect fauna in the Boulder River
indicated low number of mayfly species in areas of the river containing

high concentrations of heavy metals (Vincent 19753 .
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The primary purpose of this investigation was to determine the
affects of the heavy metals on the distribution and abundance of the
aguatic insects in the Boulder River. A sgcondary purpose was to
describe the concentrations of heavy metals occurring in the river yesar
around. Field research was conducted from April 26, 1875 to COctober

16, 1976,



DESCRIPTION OF STUDY AREA

The Boulder River ig located in Jefferson County, southwestern
Montana. It originates on the east side of the Continental Divide at
an elevarion of 2,220 m and flows southwest for approximately 120 km
to the Jefferson River near Cardwell, Montana. The drainage area is
approximately 1,975 square km and is primarily underlaid by the
Boulder Batholith which is composed of guartz monzeonite., The lower
third of the drainage is composed of sedimentary rocks of Precambrian
to Tertiary age (Roby et al. 1960). The river has an overall gradient
of abhout 4.8 m per river kilometer. Major tributaries, in downriver
progression, are: Lowland, Bison, Basin, Cataract and Muskrat Creeks
and the Little Boulder River.

hverage annual precipitation is approximately 90 cm at the town
of Basin and 30 cm at the town of Boulder (North Boulder Drainage and
Jefferson Conservation District 1975%). Flows in the river depend pri-
marily on snowpack in the mountains with a number of large springs
adding to the river in the lower valley. The average discharge of the
Roulider River near the town of Boulder for a 4l-year pericd of record
ending in 1972 was 206 mB/min {112 ofs), while the maximum and minimum
discharges were 5,933 (3358 cfs; and O ms/min, respectively (U.5.
Geological Survey 1972). During 1975, the first vear of this study,
discharges were abnormally high., The maximum and minimum discharges

for the period April 26 through September 31 were 5,972 (3377 cfs) and
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94 mB/min {53 ¢fa), respectively. In 1876 maximum and minimum dis-—
charges for the period april 1% through October 31 were 3,080 (1760
cfs} and 95 mgfmiﬂ {56 cfg), respectively [U.S. Scil Conssrvation Ser-
vice 1976). The surface rvun~off patierns for both years are presented
in Figure 1. The major use of water from the Boulder River below the
town of Boulder is for the irrvigation of alfalfa and hay meadows. In
low water years, use is so intensive that irrigation diversions
dewatey about a 19 km reach in this section of river {North Boulder
Drainage and Jefferson Conservation Districts 1975).

For this study, the river was considered to consist of two sec—
tions. The river lying above the town of Boulder was designated as
the upper Beoulder River. In this section the river had a narrow flood-
pilain, 2 high elevation, and a steep gradient. Riparian vegetation
primarily included willows, alder, confiers and, toc a lesser extent,

cottonwoods and aspen. Rainbow trout (Salmo gairdneri), brook trout
(Salvelinus fontinalis), and mountain whitefish {Proscpium willicmsgont)
were the salmonids found in this study section.

The section of river lving below the town of Boulder was desig-
nated the lower Boulder River. This section of the river had a widery
floodplaln through which the river meandered, a lower elevation and a
more gradual gradient. Riparian vegetation was primarily cottonwoods,

aspen and willows. Brown trout (Solmo fruitq) dominated the salmonid

fauna in this section {Vincent 1975},
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Nine stations were established in the study ares {Figure 2).
The locationz and distances from the mouth of the river and betweaen
stations are given in Appendix Table 1.

Water gquality and aguatic insects were sampled at eight sites
{Stations 1-8), and water guality only at one additional site {Station
1~-A}. Stations 1 and 2 served to assess the combined effects of Basin,
Cataract, and High Ore Creeks on the upper Boulder River. Bottom types
at these stations were conprized of houlders and large cobbles inter-
spaced with large gravel. Station 1-& functioned to delineate the
combined heavy metals load of Basin and Cataract Creeks on the water
gquality of the river from that contributed by High Ore Creek.

3ix water quality and aguatic insect sampling stations were
installed on the lower Baulder River. Stationz 3 and 4 were used to
investigate the influence of the Little Boulder River. Stations 5, &,
7, and 8 were located at approximately egual interstational distances
downriver from Station 4 to ascertain the persistence and effect of
the heavy metals in the lower reach of the river. Bottom types at
these stations were predominantly small cobble and large gravel inter-
spaced with small gravel and sand. Because the habitats in the sec-
tions on the upper and lower Boulder River were different, only intra-

sectional comparisons could be made.
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Figure 2. Map of the study area showing the location of sampling

stations



METHODS

Chemical and physical parameters were measured monthly, when
possible, except during July through September when dissolved oxygens
were measured twice monthly and maximume-minimum temperatures were
recorded at least two fimes a month. The pH, conductivity, and alka-
linity of water samples were determined within 12 hours of collection.
Samples were kept cool during the interim. The pH was determined using
a Beckman Expandomatic pH meter. Conductivity was measured on a Yellow
Springs Instrument conductivity bridge, and alkalinity was determined
potentiometrically. Calcium and magnesium concentrations were deter-
mined by atomic absorption spectrophotomelry and hardness was then
caloulated from these concentrations. The range in water temperature
at each station was monitored with a Taylor maximum-minimum thermom-
eter, Dissclved oxygen was assessed by a modified azide-Winkler methced
using Hach Chemical Company reagents. Discharge measurements were
determined with a Curlev-type AA current meter using single point
velocity measurements made approximastely every 0.6 m on a transect
across the channel.

Water samples for heavy metal analyses were collected in one
liter polyethyliene bottles, acidified with 5 ml of distilled, concen-
rrated nitric acid, and analyzed within six months of collection.
Concentrations of total recoverable zinc, iron, copper, ilead, cadmium,

and silver, in samples taken from April 1975 through hpril 1976,
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determined by personnel at the Montana Department of Health and Envi-
ropmental Sciences, Water Quality Bureal, Helena, by atomic absorp-
tion spectrophotometry. from May 1975 to October 1876, the investi-
gator measured only total reroverable zince concentrations in water
samples by atomic absorpbion sgpectrophotometry at Montana State
University.

Aquatic ingects ware sampled monthly, when possible, using
artificial substrates similar to Hester-Dendy sampiers {APHA 1971} but
with seven 12.2 % 12.2 cm plates giving total surface avea of 0.2 m2

er sampler. Plates were spaced 0,56 cm apart to ensure that largey
insect forms could colonize the sampler. Four gamplers were used at
cach station and were placed at the downriver end of riffles at zites
with visually similar current velocities and depths. Each sampler was
positioned with plates parallel to the flow and anchored to the channel
hottom, Aguatic insects were collected after a colonization period of
approximately 30 days.

The material on each sampler was scraped into a separate Jjar
containing an identifying label and 10% Formalin. Samples were taken
+o Montana State University where they were individually washed on a
118 Series Number 30 screen. The aguatic insects from each sample
retained by the screen were removed and identified to the lowest taxon

practical {usually genus) using Ward and Whipple {195%) and Pennak

(1953} and the numbers in each taxon vecordad. The wet weight and
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percent composition by number and weight were determined for each order
and major subordinal taxon from samplers collected in August and Sep-
tember 1975 and 1976. The wet weight was obtained by blot drying the
insects with absorbent paper towels and weighing them to the neavest
hundredth of a gram on a Mettler Instruments Corporation type H-16
analvtical balance. The percent composition by number and percent
composition by weicht of a taxon is the averaée numbey or wet weight
of that taxon in a sample &ivided by the average total number or total
wet weight of all insects in that sample, expressed as a percentage.
Periodic kick samples wers taken to investigate the distribution of
Pteronarcye californica and one field bicassay was conducted on this
species to test its resistance to heavy metals.

Regression analyses were performed on selected chemical and
physical parameters using the multiple linear regression compuler
program of "Ministat" at Montana State University's statistical labor-
atory. Output from this program included a correlation coefficient

{r)., An r-value of 0.7 or greater was deemed a strony correlation.



RESULTS

Chemical and Physical

General Limnological Measurementis

values of all chemical and physical parameters, other than
heavy metals, measuved on sach collection date are presented in Appen-
dix Tables 2-11. The average values and ranges of these measurements
at each station are ¢given in Table 12.

The average and range of these measurements at stationsg on the
upper Boulder River (Stations 1, 1-A, and 2} were similar except in
flows and suspended solids. The relatively low conductivity, alkalin-
ity, calcium, magnesium and hardness values recovded at all stations
are the results of the igneous geochemical nature of the upper drainage
basin. The highest temperatures recorded in the upper Boulder River
occurred during late July to mid-August. The dissolved oxygen values
in this section of the river never declined below B3% of saturation
and averaged above 100%. Average seasonal.discharge was approximately
40% greater at Station 2 than at Station 1 because of the entry of four
major tributaries between these two stations. Concentrations of sug-
pended solids were highest in the upper Boulder River during spring
run-off and were dominantly comprised of the decayed granitic country
rock. The higher values of suspended solids at Station I-A may have

been partially due to the numerous derelict mines and milliing sites



1z

GAT ABROIO0-ATNS DUE ST IBgUERAON PUR Isquaidag ‘iSnbny fpew S3UsWeInsysw 4 owoilg
ABGOII) 0 At woxy ATUIUom S0Tm3 HpLW SIUSWSINSEIM pT WOILIL 7

Foqo3op 03 AINC S39T Woll ATUNUCW BOTM] SpRE SIUSNDINEEDN ¢ BOIa

(99 1~1) {p6E-T) {abs-0) (0Ly-0) (v77-0) {061~ (9110 {95703 681-0) {376
3 8Y 9 = £y £e 1z ot 9z SPITaT
papumisng
EP-LHT) (ssr-za) (zor-r9) (D9F ~59) 18TE~9pT) (597-0T1) (v12-50) (66T-09) twT/
962 iz 60T 2% £vz 6% et - 7% PETRUISTG
(B1-e (61-4) (Te) (12} (£1-0) fe1-8) (F1-8) wT-8) {3/bw)
ot o1 o1 o1 T 11 o1 - o1 FusbAxg
PANTESSTA
(r-9) (z-%) 1ET-9) (625} ALY (zz-5) (zz-p) i1z-1) )
591 591 591 091 075t o5t 0°pY -- -7t | BEnE TGy

. . . i b 3 i .
(V77S1-1°660  (Z7SPT-8°Fp) (L TZT-07RE)  (B°BB-L°ST)  (9798-0°FC) {(C90T-(TOF) (8°59-2°0%)  (8'19-B ST} T PS-7 8 iFooen 36w
00T - L7y £ 8 z7es 8- ar 25y 9 bt ssauprey
15711676y T ! (Tra€° 8 CRS (g p=070 (zepms D (6 e~s' 1 CHNAAY (/B
59 {5 Ty g7¢ arg e 8z 2 wnTsaUGEg
(O7Zp-5"STI  (0°TP-07€T)  (0°SE~G"TT) {%'62-5°0T) (T°GI-6°6)  (S°BEZ-0°6)  {8°€2-0°8)  (£781-L'¢r  (1'6I-5'®) (/B

T 82 692 1ez Frel 071 591 apt s'g1 0°et 3T

e
(070PI-G78E]  (07OFPT-0°ZE)  {0°2TI-0TLZ) 1STLAGTET) {0°69-0°TZ)  {0°T9-0°07)  [07E6-0°81)  1S706-67TH  (6°56-57LT) (oo b
L8 £ e voL 5eis arew piF 168 PR 9 0p AATUTTENTY
o T (PRE-GTT) {OFE~(0T) (GEZ-16) (5206 (vTz-881 {0BT-08) (531-14) (%6 T-£8) (um /50 )
ssT vzT a0z 0T oot S5t 261 LZT 3 A3 TATAONEUED
(5 gbL) (§TERETL) (2 -7 0) R I RS BT N SV RS T S A BN Tl B A Gl B A B A B )
08 8L Pl g 9i 9L 0t 9L 9y s1ed
8 L 9 5 ¥ 3 z v-i T
516129158 IRYD
EUOTREES

WOX3 ‘STEAOW AnB@M UBYL ISULC SHTISTASIORIBYD TEOTSANS PUR (EDIueyd o (sosayjuaied ur) ssbuwy pue saniep abeioay

G/ et PUR G4 BUTIND JIDATH IBpPINOYg oYl UC SUOTIRIS e sejdwws A{yjuow 0f

TIT EBTERL



13
exigting in this vicinity, and the activities of an open-pit silica
mine located azbout 1 km above the sampling site.

The pH, conductivity, alkalinity, calcium, magnesium and hard-
ness values in the lower Beoulder River (Stations 3-8) generally in-
creased with a downriver progression. Conductivity, alkalinity, cal-
cium, magnesium, and hardness values irn the lowey Boulder River wore
higher than in the upper section because of the sedimentary geochemical
nature of the lower drainage and the contribution of several large
springs in the lower stretch of the section. As in the upper Boulder
River, the highest temperatures occurred in late July to mid-hugust.
The dissolved oxygen level never declined below 80% of saturation and
averaged above 100%. The average and minimum seazonal discharge
measurements were lower at Stations 5, 6, and 7 than at Station 4
because of irrigation withdrawal. The average and minimum flows at
Stations 7 and 8 were higher than at Station 6 because of lrrigation
return water and the contribution from large springs 6 km above Station
8. The maximum suspended solids loads at all of the stations in the
lower Boulder River occurred during May and June when surface run-off
was high. The higher maximum and average suspended solids concentra-
tions at Stations 5 and & are the result of poor channel stability as
svidenced by channel braiding and shifting lmmediately above and below
Station 5. After the spring run-off subsided, the suspended solids

inads decreased to minimal values smcept after heavy precipitation.



Heavy Metals Measurements

The values of total recoverable zinc, iron, copper, and lead
measured in samples taken from established stations thyoughout this
study are presented in Appendix Tables 13-16. Analyses for zinc were
continued after terminating those for the other heavy wmetals because of
the following reasons: (1) zinc was present in relatively high concen-
trations in the floodplain sediments (Vincent 1975) and in the water;
(2) it was the most soluble of the heavy metals measured {Stumm and
Morgan 1970; Hawkes and Webb 1962}, and therefore potentially the most
toxic: and (3} there was a strong correlation between values of total
zinc and other heavy metals (Table 17). Consequently, by monitoring
only the total zinc concentrations, inferences could be made about ths
concentrations of other heavy metals. Total cadmium and silver were
alao measured in initial samples but concentrations were ugually below
rhe detection limits of the atomic absorpiion spectrophotometer unii,
therefore, attempts to measure these heavy metals were discontinued.
The concentrations of heavy metals are reported as total recoverable
metals (TRM)}, and are a measure of both the soxic and non—~toxic species.

The average values and ranges of total zinc, iron, copper, and
lead measured at each station are given in Table i8. The average and
maximum value of each heavy metal generally increased with downriver
progression on the upper Boulder river. Wwalues of total zing in indi-

vidual samples at Station 1 never exceeded those at Station 1-2 or 2,



Table

17. <Correlation Coefficients
Heavy Metals against Selected Measurements

15

{r} from Linear Regressions of

Regression M r-value

Total zinc versus total iron, copper and lead at 124 0.8562
all stations.

Total zinc versus total iron at all stations 124 0.758
Total zinc versus total copper at all stations 124 0.804
Total zinc versus total lead 124 0.740
Total zinc versus suspended solids at Station 1 19 0.608
Total zinc versus suspended scolids at Station 1-3 12 .688
Tetal zinc versus suspended sclids at Station 2 19 0.146
Total zinc versus suspended solids at Station 3 i9 0,800
Total zino versus suspended solids at Station 4 i 0.733
Total zinc versus suspended solids at Station 5 19 0.771
Total zine versus suspended solids at Station 6 1e 0,859
Total zing versus suspended solids at Station 18 0.85%
Total zine versus suspended solids at Bitation 8 19 0,880
Total iron versus suspended solids at Station 1 13 G.517
Total iron versus suspended solids at Station 1-A i3 0.881
Total iron versus suspended solids at Station 2 i G.601
Total iron versus suspended solids at Station 3 i3 0.816
Total iron versus suspended solids at Station 4 13 G.795
Total iron versus suspended solids at Station 5 13 0.690
Total iron versus suspended solids at Station 6 13 0.817
Total iron versus suspended solids at Station 7 13 0.766
Total iron versus suspended sclids at Station 8 13 0.798
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and only once during both years did a sample value of total zinc at
Station i-A exceed that at Station 2 {Appendix Tables 13-16}. The
particularly weak correlation between total zinc and suspended solids
at Station 2 (Table 17) is not understood.

rlthough the average value of total iron was highest at Btation
2, the only time when the individual measurements were higher than at
Station 1 was during periods of high flow (Appendix Tables 13-16 and
figure 1). At low flows the total iron values were essentially egual
at Stations 1, 1-A, and Z. Total iron values in the upper Boulder
River were not closely associated with suspended solids at Stations 1
and 2 (Table 17). Average values of total copper and lead were greater
at Station 2 than at the other stations on the upper Boulder River
(Table 18). Uowever, the differsnces beltween stations in these heavy
metals were not as great as with zinc and iron. The values for total
copper and lead for each sampling period at Station 2 usgually egualed
or excesadsd that of Stations 1 and 1-A {(Appendix Tables 13-16).

The values of total zinc measured at supplementary sites are
given in Appendix Table 19. Table 20 implicates Basin Creek and the
milling site at Basin, Cataract, and High Ore Creeks as matoy con-
rributors of fotal zinc, and therefore probably other heavy metals to
the upper Boulder River. The concentration of total zino entering the
river from High Ore Creek was approximately seven times that from any

of +the obher sources. However, the average low flow of High Ore Creek
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was approximately 3.4 mEfmin {2 cfs}, compared to the average low flow
of Basin and Cataract Creeks each of which was approximately 17 mgjmin
(10 ofs). Conseguently, the impact of total zinc from Basin and Cata-
ract Creeks and the milling site at Basin combined was similar to that
of High Ore Creek alone.

T +the lower Boulder River the average and maximum values of
heavy metals were generally inteymediate at Stations 3 and 4, highest
at Station 5, from which they declined downriver to Station B where
the lowest levels were recorded (Table 18). Point measurement of
toral zinc were generally similar at Statioms 3 and 4 during low flows
and slightly higher at gtation 4 during high flows. The Little Boulder
River, which enters between Stations 3 and 4, did not appear to reduce
+he zine concentrations at Station 4, even though its low flows were
usually about 10% of the Boulder miver's flow. The highest total zinc
concentrations in the lower Boulder River were usually encountered at
Station 5. Betwesn Stations 4 and 5, the ficodplain and channel sedi-
ments had the highest recorded heavy metals concentrations in the Boul-
der River drainage {(Vincent 1975), and the river had poor channel
stability. The correlations of total zino vs. suspended solids in the
lower Boulder River increase in a downriver progression (Table 17}
suggesting more of the zinc at and below Station 4 is originating from
the floodplain sediments. The sharp decline in total zinc values

- \ 3o
hetween Stations 7 and 8 showed the effasct of the large (51 m /min)
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spring entering the river about & km above Station 8. The water from
the spring contained a high alkalinity which probably caused some pre-
cipitation of zinc; also the volume of the spring watey may have had a
substantial dilution effesct on the total zinc concentrations.

Total iron, copper, and lead all basically followed the same
patterns in magnitude and chronology exhibited by tetal zinc. The cor-
relation coefficients for the regressions of total iron vs. suspended
anlids at the stations located on the lower Beoulder River were all
strong eﬁcept at Station 5, and no apparent pattern with a downriver
progression was notiged (Table 17}.

Figure 3 shows the average teoial zinc concentrations in the
Boulder River at low and high flows. At low flows, the total zin¢ con-
centrations in the Boulder River increased from Station 1 to Station 2
and persisted at approximately that level to Station 5 or & after which
+he concentrations declined. At high flows the total zinc concentra-
tions increased from Station 1 to Stations 5 or &, thereafter declining
rapidly.

The average concentrations of total zinc appeared to be slightly
higher during 1975 than in 1976 at all stations with the exception of
the control, Station 1 {Table 21). This difference between years was
most apparent during low flows at Station 2 (Figure 3}. During 1875

there was severe flooding of High Ore Creek at a large tailings area.
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This probably caused the higher average total zinc concentrations

recorded at Station 2 during 1975,

rouatic Insects

The average and range of aguatic insect numbers in each sub-
ordinal taxon collected from samplers recovered on each sampling date
are given in Appendix Tables 22-29. The wet weights of aguatic insects
sampled in August and September 1975 and 1976 are also presented in
Appendix Tables 22, 23, 28, and 23. The aguatic insects gellected
belong to eight orders with Trichoptera, Diptera, Plecoptera, and
Ephemeroptera comprising 45, 3G, 1%, and 9% of the total numbers col-
lected, respectively. Forty-eight subordinal taxa were identified and
their distriburion throughout the area sampled is given in Appendix

Takhle 30. Fleven of these were numerically dominant forms.

2 summary of selected compositional measurements for the sampled
aquatic insect communitles at the ordinal and subordinal taxa levels
during months of equitable sampling success are given in Tables 31, 3%,
and 33, respactively. Relationships in these samples were indicative
of trends present for all the samples collected during the study.

Tn the upper Boulder River, the sampled aguatic insect community
at Station 2 was 29, 81, and 45% lower +han atr Station 1 in average
rotal number, average total weight, and average number of subordinal

taxa, respectively (Table 31). The lower average total number at
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Station 2 was primarily because of the lower number of ephemeropterans
and trichopterans. The reduction in Ephemeroptera at Station 2 was
primarily due to lower numbers of Ephemerello which occurred in densi-
ries at an average of 3 individuals per sampler at Station 2 and 30
individuals per sampler at Station 1 (Table 32y, All subordinal taxa
of trichopterans were found in lower numbers at Station Z.

The lower average total weight at Station 2 resulted from lower
weights in all orders except Diptera {Table 31). The lower average
number of subordinal taxa was primarily because of fewer subordinal
taxa in Plecoptera and Ephemercptera (Table 31).

The percent composition of trichopterans by number and the per-
cant compogsition of plecopterans and trichopterans by weight were lower
at Station 2 than at Station 1. whereas, the reverse was true for
Diptera (Table 31). Declines in Hydropsyche and Lepidostoma were
responsible for the lower percent composition by number and weight
of trichopterans at Station 2 {(Table 33). The 30% decrease in percent
composition by weight of Plecoptera was chiefly caused by the absence
of Pteronarcys, a large aguatic insect (Table 33). The absence of this
form from Station 2 was verified from three seasonal kick-samples. 1In
supplemental kick-sampling on the Clark Fork River drainage between
Butte and Missoula, Pteronarcys was virtually nonexistent in the upper
100 km of +he river below the heavy metals sources, but was present in

substantial numbers in Flint and Rock Creeks, unpolluted tributaries
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in rhis area, and in the rlark Fork River bslow Rock Creek. Boland
(1968}, in an investigation of untreated waste waters from the Anaconda
Company mines and mills, found a similar distribution of Pferownarcys in
the Clark Pork River.

one field bivassay was conducted with Fleronareys nymphs 2-5 com
in length. Twenty nymphs in plastic screen cages were placed at both
station 1 and Station 2 for four days. The total zinc values reached
a maximum of 0.01 mg/l at Station 1 and ranged from 0.11 to 0.23 mg/l
2+ Station 2. Survival was one hundred percent at both stations. From
field and lab bicassays, Nehring {1976} concluded this genus was toler-
ant of concentrations of zinc, copper, and lead in excess of those
recorded in the upper Boulder River. Therefore, it appeared that
Pteronarcys avoided Station 2 where fotal zing concentrations were much
lower than those reported as lethal to this genus.

The increages in percent composition by number and weight for
Diptera at Station 2 was related to the predominance of chironomlids and
Atherix, respectively (Table 33). These dipteran forms together com-
prised 58 and 54% of the compesition by number and weight, respec-
tively, of all the aquatic insects at thig station. At Station 1 these
two taxa together representad 39 and 11% of the composition by number
and weight, respectively.

While the measured characteristics of the aguatic insect com-

munity at Station 1 were similar between yvears, the average total
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welght at Station 2 was 135% greater in 1976 than 1975 (Table 34}.
Tnoreases in Ptercnarcella and Atherix were the two genera that
accounted for most of this increase (Tables 32 and 333).

In the lower Boulder River, the lowest average total number and
lowest average total weight of agquatic insects occurred at Station 5
{Table 31). Average total number, averaye total weight, and average
number of subordinal taxa of the aguatic insect community at Station 5
were at least 30 and 19 and 18% lower, respectively, than at Station
3 or 4. The lower average total number and average total weight at
Station 5 was primarily the result of at least a 57% reduction in
average number and a 79% reduction in average weight of both ephemer-
opterans and dipterans. In Ephemeroptera, Ephemerella was collected
at Station 5 at an average density of 7 individuals per sampler, and
at Station 3 or 4 at an average density of at least 38 individuals pex
sampler (Table 32). The dipterans Atheriz and Chironomidae were col-
lected at Station 5 at an average density of 17 and 21 individuals pexr
sample, respectively, and at Station 3 or 4 at an average density of
at least 40 and 76 individuals per saé;zer; respectively {(Table 32).
The higher numbers of Ephemerella, Atheriz, and Chironomidae at
Stations 3 and 4 may in part be a response to the municipal sewage
sutfall located approximately 5 km above Station 3. Ramamoorthy and
wushner (1875) found the highest binding capacity of selected heavy

metals occurred in water heavily polluted with sewage. The congsiderable
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Table 34. Wet Weights of Aguatic Insects {gms/4 samplers) from
Stations on the Boulder River for Selected Sampling Periods

Weights Station
1 2 3 4 5 & 7 8
1975
August weights 1.61 0.74 2.25 4.26 2.37 9.90 10.23 12.79

September welghts v.64  0.29 2,43 2.30 0,73 4,15 4.90 5.04

Average welghts 4,63 0.52 2Z.34 3.28 1.55 7.03 7.5 10,92
1976

August weights 2.98 1.37 5.87 8.42 &5.23 43,21 13.35 31.94
September welghts £.00 1.06 3.12 4,38 2.82 .97 £.79 17.64
Average weights 4.49 1.22 4.50 6.50 4.03 26,39 10.08 24.7°9

Parcent increase
from 1975 o - +135  +92 +58 +160 +278 +33 +127

1976
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increases in average number and average weight of trichopterans at
Station 5, did not compensate for the loss of ephemeropterans and
dipterans.

although the average total weight of aguatic insects was similar
at Stations 3 and 4, the total weight for each sampling period was
generally higher at Station 4 (Table 313). This may have been due to
a moderating effect of the Little Boulder River entering between the
two stations.

The percent composition by number and welght of Ephemercptera
at Station 5 decreased at least 9 and 14.5%, respectively, from that
at Stations 3 or 4 (Table 31). For the dipterans these same parameters
decreased at least 34 and 12% at Station 5, respectively. These
decreases were due to lower numbers of FAphemerslla, Atherix and
Chironomidae at Station 5 (Table 32). The reverse was true for
Trichoptera and to a lesser extent, Plecoptera. At Station 5 Trichop-
tera and Plecoptera combined, comprised 3% and 45% more of the ordinal
percent composition by number and welght, respectively, than at
ctations 3 and 4 (Table 31). These differences were the result of the
increase in relative abundance of Hydropsyche, Brachycentrus and
Pterconarcella {(Table 33).

The average total number and average total weight of aguatic
insects at Station 5 were at least 62 and 69% lower, respectively, than

at Stations & through 8 {(Table 31}. The lower averaye total number and
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average total welght at Station 5 were primarily caused by lower num-
hers of trichopterans and/or plecopterans. The average total numbey
and average total weight at Station 7 wexe iowey than at Station 6
probably as a vesult of partially sedimented samplers at Station 7 in
1876,

From Stations 5 through 8 the pesreent composition by number and
weight of Ephemeroptera and Diptera generally decreased, whereas,
Trichoptera increased (Table 31). Ephemerella and Atheriz were the
subordinal taxa accounting for the decrease and Hydropsyche and
Brachycentrus aceounted for the increases between stations {fable 33}.
Figure 4 indicates this predominance of Hydropsyche and Brachycentrus
in the lower Boulder River below Station 5.

The sampled aguatic insect communities at all stations on the
iower Boulder River, with the exception of Station 7, were 2Z% or
greater in total weight Auring 1976 than in 1975 {(Table 34). The per-
cent composition by number and weight of Pteronarce}la at Stations 3
through 7 increased at least 13 and 11%, respectively, in 1976, thus
accounting for much of the increases in the average total weight
between years (Table 33}. The increases in total weights at Station 3
were explained by the 11 and 5 and 14 and 19% increases in the percent

composition by number and weight of Hydropyche and Brachycentrus,

respectively, in 1976 (Table 33).
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Figura 4. Distribution and abundance {average number per sampler} of
predominant subordinal taxa collected during August and
September 1975 and 1976.



SUMMARY AND DISCUSSION

Heavy metals were considered to be the maijor factor causing the
severe depression of the aquatic insect community at Station 2. The
measured chemical and physical characteristics of the upper Boulder
River were largely similar except for heavy metals concentrations.
Higher concentrations of heavy metals and lower average total number,
weight, and number of subordinal taxa of aguatic insects occurred at
Station 2. Vandenberg (1974) also found a severe reduction in total
number of individuals and total number of taxa in areas of a stream re-
ceiving high concentrations of heavy metals. Taxa apparently sensitive
+o concentrabions of heavy metals found in the upper river were
Pteronarcys which was present at Station 1 in moderate numbe%s and was
never collected at Station 2, and Ephemerells which occurred only in
substantially reduced numbers at Station Z. Warnick and Bell (1969)
and Nehring {1976) concluded Ephemerella subvaria and E. grondis,
respectively, were the most sensitive of the insscts tested in their
heavg metals bioassays. The increase in fotal weight of the benthos
at Station 2 during 1976 cccurred in conjunction with a decrease in
heavy metals concentrations Lurther suggesting heavy metals depressed
the aguatic insect community at thié gstation. Trout populations near
Station 2 also appearsd to be adversely affected by heavy metals.

Nelson {(1976) found & lower rainbow trout population in the vicinity



35

~Ff Station 2 as compared to that found in the vicinity of Station 1.
He also reported eyved egy and fingerling survival were lower in the
vicinity of Station 2 as compared to the vicinity of Station 1. He
related these findings to the higher concentrations of heavy metals in
the former area.

On the lower Boulder River, heavy metals possibly depressed the
aquatic insect community at Station 5. In this section most chemical
and physical chavacteristics generally increased in downriver progres-—
sion. However, the highest concentrations of heavy metals were meas-
ured at Station 5 where the lowest average total numbers and weights
and a low number of subordinal taxa occcurred. A municipal sewage ef-
fluent and the addition of water containing a higher alkalinity, Musk-
rat Creek, may have mitigated the toxic effects of heavy metals on the
biota at Stations 3 and 4.

Heavy metals may have had a mildly adverse effect on the aguatic
insect communities at Station 6 through 8. Hydropsyche and Brachycen-
tyus were dominant forms in this area of the lower river and ephemer-
opterans were virtually absent. Hydropsyche betteni is known to be
tolerant to heavy metals (Warnick and Bell 156%9). Boland {1968; found
greater numbers of Hydropsychidae in areas receiving either periodic
or chronic heavy metals poliution.

The heavy metals apparently affecting the insect communities

most severely were copper and zinc. Copper is known to be highly toxic
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+to some insects {(Nehring 1976; Warnick and Bell 196%9). Zinu was pres-
ent at high levels, is relatively stable, and therefore potentially
lethal.

Major scurces of zinc to the upper Boulder River were the tail-
ings site at the town of Basin and Basin, Cataract, and High Ore
Creeks. The highest concentrations in this section of the river
cceurred during low flows when the relative contributions of the heavy
metals sources were greater, Jones (1958) described a similar pattern
for the concentrations of zinc in a stream which received effluents
from & mine tailings site.

Tn the lower Boulder River, the major sources of zinc were from
the upper Boulder River and the erosion of the fioodplain sediments
near Station 5. The highest recorded concentrations of total zinc in
the lower river occurred during high flows when zinc-laden floodplain
sediments were ercded.

Since High Ors Creek was identified as the greatest contributor
of toral zinc ko the upper Boulder Rivel, efforts shouid be concen-
rrated on the rehabilitation of this drainage. The creek should be
diverted around the tallings area at the Comet Mine site by enlarging
and lining the exisbing diversion channel and directing ground water
away with the installation of a cut-off wall.

tnoreased channel stability is recommended to lessen the impact

from the erosion of the floodplain sadiments at Station 5.
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revegetation of the floodplain will inorease channel stability. This
has occourred apparently in an area above Station 2 {Mr. Heide, personal
communlcation) .

Special precautions should be taken to ensure the construction
of Interstate Highway 15 through the Boulder Canyon does not result in
increased velocities in the lower river. Higher velocities could
increase the erosion of the heavy metals ladeen sediments and their

effects on the biota.
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taken from Statrions on the Boulder

River during 1275 and 1976

The pH of Water Sample

Table Z.

Stations

o

kel

Date

~

7.

4/26/75
5/%%/
5/24/
&7 2/

7.6

7.3

7.4

7

6/10/
1/ 8/

g/ 1/

e

7.

7.5

+4]
-~

8.0

9/23/
11/ 3/

7.8
7.4
7.8

12/1%/

i~

1/10/76
2/ 8/

7.

3/10/

4/ @/
5713/
6/16/

7.5

7/12/
8/ 6/
a/ 2/
10/ 6/

8.0

8.1

8.0
8

[e3}

8.0

8.2
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Tahle 3. Conductivity {imhos/cm at 250) of Water Samples taken from
Stations on the Boulder River during 1975 and 1976

Date Stations
1 1-2 2 3 4 5 5] 7 8
4/26/75 160 160 171 214 235 235 235 235 257
5/11/ - e - - e - e - -
5/24/ 141 iz2 141 158 161 159 176 180 188
&/ 2/ 93 82 87 55 99 115 132 139 173
6/10/ 87 77 80 88 94 101 116 126 151
7/ 8/ a4 — g2 107 112 137 160 166 174
8/ 1/ 125 e 163 175 175 200 225 263 300
9/23/ 139 142 is50 174 186 210 276 323 345
i1/ 3/ 157 151 157 174 174 186 214 237 281
12/15/ 174 151 167 183 185 208 232 252 290
1/106/786 150 154 1587 176 185 198 222 225 274
2/ 8/ 160 155 172 194 185 216 246 271 336
3/10/ 159 133 153 192 205 198 228 227 299
4/ 9/ 99 in2 103 105 105 111 125 137 158
5/13/ 85 82 23 20 50 a7 107 115 141
6/16/ 93 a5 86 a7 100 110 12z 134 158
7/12/ 122 11z 121 134 145 164 187 208 246
B/ &6/ 144 131 151 180 180C 206 304 320 342
o/ 2/ 158 180 i74 201 202 223 340 384 404
10/ &/ 160 165 180 210 Zi8 218 272 3zo 341
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Table 4. Total Alkalinity {mg/% CaCOj} of Water Samples taken from
Stations on the Boulder River during 1975 and 1876
nate tations
1 1-A 2 3 4 5 <] 7 8
4/286/75 48.5 42,5 47.5 B0.0 £3.0 &7.5 Y1.5 72.5% B89.5
5/11/ 42.0 40.5 42.0 60.0 61.5 61.5 73.0 80.0 93.5
5/24/ 31.7 29,9 32.9 38.4 40.9 41.% 48.2 51.9 59.8
&/ 2/ 19.5 17.5 17.0 20.5 21.5 25.0 30.0 34.0 46.0
5/10/ 17.5 16.5 16.0 20.0 2i.0 23.% 27.0 32.0 38.5
7/ 8/ 27.5 e 25.0 35,0 32.% 35.0 45,0 47.5 55.0
8/ 7/ 37.5 - 4a0.0 47.5 50.0  57.5 6£7.5 82.5 100.0
9/23/ 45.0 42.5 47.5 55.3 57.5 72.5 97.5 117.5 127.5
11/ 3/ 4%.0 47.5 42.5 50.0 B0.0 55.0 &7.5 72.5 91.0
12/15/ 55,0 50.5 51.0 60.0 60.5 64.5 77.0 84.0 106.0
1710776 49.5 45.5 48.0 B£.6 58,5 £2.3 756.0 TR.5 105.0
2/ 8/ 55,5 46.0 52.0 60.5 62.0 68.0 8L.5 92.5 117.5
3/10/ 49.5 41.0 46.5 62.5 63.5 65.0 74.0 76,5 103.0
4/ 9/ 34.5 35.0 34.0 36.0 36.5 36.0 40.0 48.0 57.5
5/13/ 7.5 24,0 25.3 27.5 27.5 27.5 32.5 35.0 42.8
&6/16/ 32.5 5.5 27.5 33.0 31.5 35.0 42Z.5 52.5 61.5
712/ 4%.0 37.5 37.% 47.5 50.0 55.0 6£7.5 84.0 95.0
8/ 6/ 45.0 45.0 48,0 55.0 38.0 65.0 §7.0 107.0 117.0
g/ 2/ 53.0 BO.0 53.0 0.0 &3.0 6£7.0 122.0 140.0 140.0
10/ 6/ 50.0 47.0 50.0 62.0 62.0 65.0 85,0 97.0 110.0
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Table 5. Calcium {mg/%) of Water Samples taken from Stations on the
Boulder River during 1975 and 1276

Nate Stations
1 1-A 2 3 4 5 5] 7 8
4/26/75 14.¢ 16.8 23.8 28B.5 25.1 25.5 24.1 24.9 29.9
5/11/ 19,2 14.5 15.0 19.9 22.9 25,1 26.2 29.8 34.1
5724/ 13.0 12.5 13.¢ 14.3 14.5 15.5 16.3 17.5 20.0
&/ 2/ a.5 8.5 8.7 g.7 10.5 11.5% 13.5 14.5 19.C
5710/ 8.5 7.7 8.0 9.0 9.0 10.5 11.5% 13.0 15.5
7/ 8/ 10.0 - 9.8 12.3 12.3 13.8 16.0 16.8 1B.%
g8/ i/ 10.7 - 13.6 15,2 16.8 19.1 21.9 26.5 30.9
9/23/ 12.7 13.3 14.7 18.7 18.4 20.9 28.8 36.3 38.4
11/ 3/ 16.7 16.0 16.7 18,7 1B.6 20.1 23.0 25.1 29.5
12/15/ 19.1 18.3 19.0 21.6 20.9 22.5 26.0 27.8 35.1
1/10/76 16.2 16,2 17,5 1%.5 19,6 21.4 25.2 26.5 33.%
2/ 8/ 16.9 16.9 18.7 21.2 20.9 23.2 26.8 29.7 39.1
3710/ 15.8 13.9 17.1 21.3% 21.0 21.9 24.% 2b.8 33.8
&/ 9/ 31.3 1t.0 11,3 12,0 11.8 12.4 14.0 15.9 17.8
5/13/ 10.0 9.5 .5 11,0 10.5% 11.0 12.0 13.0 16.0
65/16/ 10.0 8.5 9.0 10.5 11i.2 12.5 13.5 15.0 1B.5
eV 13.5 13.0 14.0 17.0 17.0 19.0 21.5 26.0 35.0
8/ 6/ 15.0 1%.0 16.0 19.0 18.5 21.C 33.0 38.0 38.5
o/ 2/ i5.0 15.0 17.0 20.0 1%.0 20.0 35.0 41.0 42.0

i/ &/ 1.0 16.0 17.5 19,5 20.0 21.0 28.0 34.0 37.0
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Table 6. Magnesium (mg/%) of Water Samples taken from Stations on
the Boulder River during 1975 and 1976

Nate Stations
1 i-A 2 3 4 5 & 7 B
4/26/75 3.0 3.6 3.6 3.5 5.8 6.1 5.9 5.9 7.1
5/11/ 2.8 3.1 3.5 5.2 5.2 5.2 6.3 7.5 8.4
5/24/ 3.0 3.0 3.0 3.5 3.5 3.5 3.8 4.0 5.0
6/ 2/ 1.8 1.7 1.7 2.0 2.0 2.5 3.0 3.2 4.0
&/10/ 1.7 1.5 1.5 2.0 2.0 2.3 2.4 3.0 3.5
7/ 8/ 1.8 - i.8 2.3 2.4 2.8 3.3 3.6 4.0
8/ 1/ 2.5 - 3.2 3.6 3.7 4.3 5.0 5.5 7.6
9/23/ 2.7 2.9 3.4 4.3 4.2 4.7 7.3 8.9 9.7
11/ 3/ 3.5 3.3 3.6 4.0 4.0 4.3 5.1 5.6 6.8
12/15/ 4.0 3.3 4.2 4.8 4.5 4.9 5.0 6.6 8.3
1/10/76 3.1 3.2 3.7 4.4 4.4 4.6 5.8 5.1 8.1
2/ 8/ 3.2 3.4 4.0 4.7 4.6 4.9 6.1 7.0 9.0
3/10/ 3.¢ 2.8 3.7 4.8 4.7 4.8 5.8 5.0 7.9
4/ 9/ 2.4 2.3 2.5 2.6 2.8 2.7 3.1 3.5 4.1
5/13/ 2.5 2.0 2.2 2.3 2.5 2.5 2.8 3.0 3.6
6/16/ 2.8 2.3 2.3 2.6 3.0 3.3 4.0 4.3 4.5
7/12 2.2 2.2 2.5 3.1 3.3 4.0 4.5 5.3 6.5
g/ 6/ 2.3 2.7 3.0 3.6 3.8 4.4 7.0 7.4 8.0
9/, 2/ 2.G 3.3 3.8 4.6 4.5 5.0 8.3 10.5 11.5

16/ 8/ 3.2 3.3 3.7 4.5 4.3 4.5 6.3 7.0 8.5
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Table 7. Hardness {mg/% CaC05) of Water Samples taken from Stations
on the Boulder River during 1275 and 1976
Date Stations
1 1-A 2 3 4 ) 6 7 g
4/26/75 49.6 B6.8 74.3 T0.0 B6.6 BB.B 84.5 86.5 103.9
5/11/ 47,0 42,0 51.9 71.1 78.6 84.1 2.4 105.3 119.8
5/24/ 44.8 43,6 44.8 50.1 530.¢ 53.1 56.9 60,2 70.6
6/ 2/ 3i.2 28,2 28.8 32.5 33.2 39.0 46.1 49.9 63.9
&6/10/ 28.2 25.4 26.2 30,7 32.0 35.7 38.6 44 .8 53.1
TS B/ 32.4 - 31.9 40.2 40.6 46.0 56.6 6.8 63.0
8/ 1/ 37.0 - 47.2 54.6 57.2 65.4 75.3 93,0 108.5
9/23/ 42,9 45.2 B0.7 64.4 63,3 7i.6 102.3 127.4 135.9
11/ 3/ 56.%1 53.6 57.0 63.2 63.0 &7.9 78.5 85.8 101.7
12/15/ 4,2 6&1.8 65.5 73.7 71.2 76.4 89.7 96.6 121.9
1/10/76 53,3 53,7 B%.0 656.8 67,1 TZ.4 86.9 91,3 117.3
2/ 8/ 5%.4 56,2 ©3.2 72.3 71.2 78B.Z 92.1 103.0 134.8
37310/ 51.1 46.3 58.0 73.0 7iL.8 74.5 86.1 89.2 117.0
4/ 9/ 3g.1 37.0 38.5 40.7 40.2 42.1 47.8 54.1 61.4
5/13/ 35,3 32.0 32.9 37.0 36.3 37.8 41.5 44.8 54.9
&/18/ 36.5  30.7 32.0 37.9 40.4 44.8 51.2 55.2 64,7
T/12/ 43,5 41.5 45.% 56.0 56.5 64,5 72.5 87.0 114.5
B/ &/ 47.0 48.5% 52,5 52.% &1.5 70.5 111.3 125.5 129.5
g/ 2/ 45.8 51.1 58.1 6%.0 66.0 70.6 121.7 145.2 152.4
10/ &6/ 3.2 B3.6 58.9 67,2 77.7 71.0 86.0 113.%9 127.5
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Table 8. Ranges of Water Temperature (C} at Stations on the Boulder
river for the Indicated Periods during 1975 and 1976
Station
pate 1 2 3 4 5 6 7 8

19758
7/22- T/29 11-21 12-22 o 1422 14-23 15-23 16-24 16-23
7/29- 8/ 5 1i0-19 1020 - 11-19 11-20 12-20 1:2-22 -
8/ 5~ B/14 9-20 10-21 e 11-22 12-22 13-22 14-22 14-22
3/14~ B/21 10-18 10-18 — 12-20  12-20 13-20 14-21 14-20
8721~ 8B/28 6-17 718 - B~19 9-19 9-19 10-20 11-19
8/28- 9/15 616 7-17 - e e - e -
9/15- 9/22 4-15 4-16 e 6~16 6~18 8-20 8-20 6-19
1976

12/15%-~ 1/10 - e 02 - - - e 0-6
1/10- 2/ 8 - - 1-3 o o - - 0-5%
2/ 8- 3/10 - —— 0-8 — e o - Om4a
7/ - F/L3 .70 10-20 11-21 12-22 12-21 13-22 14-24 15-ZZ
7/13 7/2G G-20 10-21 11-22 12-22 12-22 14-22 14-23 12-22Z
7/20- 7/29 10-20 131-20 11-21 12-22 14-22 14-22 14~22 15-22
7/29- 8/ 6 11-20 12-20 - 12~22 i4-22 14-22 14-23 1b-ZZ
8/ 6~ 8/18 9-20 10-20 — 11-21 12-22 12-22 12-22 12~-22
8/16~ 8/30 719 7-20 9-22 9-20 10-20 10-22 10-21 1Z-20
8/30~ 9/18 4-15 6-18 7-21 6~18 8-20 8-19 8-20 9-20
9/18-10/ 5 3-12 4-14 5~16 5-13 5-16 5-15 5-16 i-15
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Tahle 9. Dissolved Oxygen (mg/%) and Percent Saturation {in paren-
theses) of Water Samples taken from Stations on the
Boulder River during 1975 and 1978
Date Station
1 2 3 4 5 & 7 &

8/ 1/75 i1 io 10 i 10 190 ic 10
(129)  {(119) {(11ey (117) {119y (119 {122} (i19)
B/21/ i0 i0 i1 12 12 11 i0 10
(114 {117y {131y (l4&) (142) (134} (122 (11}
9/ &8/ 12 ii 12 i3 11 1z 1z 11
(122}  {112) {1303 {138) (135) (140) {(142) (131
10/11/ 13 i3 13 12 1z il 1z 12
{125}y {122y (Ll2z2} (115} (1z2y {11z; {124) {127}
11/11/ -— 14 13 i3 14 i4 15 14
{115) {111y (115 {124 {322} {130} {128)
127 7/ - —— 14 i4 e 14 15 14
22y (122 {118}y {128} {124)
1/10/76 . - 15 - e - - i4
{1263 {122}
2/ B/ o - 14 - - - - i5
{1183 {133
316/ - - 15 i5 - 14 i6 14
{126y (1286} {118y {187y (1243
7/13/ 8 8 8 7 7 7 7 7
£gsy (87 {99y (87y {80y {90y (92) ([ 90)
T/297 10 10 i0 10 g 8 8 9
(131}  (131)  (122y  (119) {101y {103) (101} (1109
8/16/ 8 7 8 8 7 7 7 7
g2y 83y {95y {93y {82y {82y (80 (30
8/3G/ 10 1 10 10 9 10 11 10
{112y {119y {135) (331 {112y (124) {136} {123)
8/19/ 10 10 10 16 10 i1 i0 9
(312 {112y 117y (1123 {108y {120} (109} ( 98)
10/ &/ iz 11 11 11 il 11 i1 9
(115) {106} (10%) (106) (L09) (109) (l06) ({ 89)
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3, .
Tahle 10. Discharge (m /min) measured at Stationg on the Boulder
niver during 1975 and 1976

Station
Date
1 15 2 3 4 5 5 7 8

4/26/75 63 e 77 131 175 225 220 243 265
5/11/ 211 —— 216 281 337 382 373 388 3859
5/24/ - e - e Ead - - 1004 -—
8/ 7/ 146 — 227 272 320 264 273 3i5 400
9/23/ 90 i03 112 115 152 104 96 129 204
i1/ 3/ 161 165 165 19¢% 248 255 266 292 342
7/12/76 227 —— 386 365 444 349 343 370 448
8/ 6/ 12¢ - 219 237 299 186 i54 195 294
g/ 2/ o4 e 106 126 156 57 65 86 172

10/ &/ 74 e 110 136 166 174G 195 214 271
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Tapie 11. Suspended 50lids (mg/L} of Water Samples taken from Stations
on the Boulder River during 1975 and 1276
Pate Stations
L i~A 2 3 4 5 & 7 8
4/26/75 2.5 e 25.3 23.8 11.4 50.0 25.1 57.3 37.6
5/1%/ i4.4 e 16.0 27.2 33.6 80.0 66.4 46,4 42.4
5/24/ 41,2 49.6 53.6 102.4 120.0 100.8 60.8 52.0 54.8
&/ 2/ 45.6 - g2.0 170.4 187.2 1906.4 78.4 100.8 84.8
&/10/ 16.9 - 11.2 40.8 24.8 70.4 40.0 40.8 40.8
7/ 8/ 24.0 - 20.8 17.6 24.8 52.8 25.6 30.4 54.4
8/ 7/ 62.4 - 42.4 6.5 2.4 7.2 8.0 5.2 14.8
9/23/ G 0 O 2.0 0 1.6 73.2 4.0 4.8
11/ 3/ 10.0 7.6 8.0 9.2 1.6 B.0O 8.4 8.4 10.8
12/15/ 1.6 0.4 2.8 7.2 12.8 0 1r.2 15.2 8.8
1/1G6/76 0.2 O 0.2 0.1 2.0 o 0.2 0.9 1.0
2/ B/ - - - e - - e - -
3/10/ 20.8 256.0 56.0 3.6 5.6 16,0 9.2 4.8 5.6
i/ 9/ 189.2 114.0 115.6 120.8 224.4 470.0 546.4 3%3.6 165.6
5/13/ 19.6 56.8 4c,0 58.4 126.0 10%.8 1i2.4 73.2 46.8
6/16/ 12.4 12.0 11.2 5.6 19.% 38.8 176.0 30.4 40.4
ravys 10.4 17.2 7.2 9.2 8.8 17.6 16.8 15.0 19.2
8/ &6/ 16.2 4.0 8.0 7.2 6.4 6.0 5.2 7.2 15.8
a/ 2/ 2.8 0.8 3.6 5.2 1.2 2.8 2.0 16.0 0.0
0/ 6/ 0.8 0 5.2 0 0 1.6 2.0 2.4 3.6
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Table 13. Total Recoverable Zinc {mg/%) of Water Samples taken from
gtarions on the Boulder River during 1975 and 1976

Nate Station
i 1-A 2 3 4 5 & 7 g
a/,26/75 .01 0.14 0.44 0.31 ©.24 0.25% 0.24 0.20 0.11
5/11/ <o.01 0.20 0.80 0.33 0.29 0.50 0.3% 0.20 0.1Z
5/24/ 0.0% 0.13 0.24 0.28 0.33 0.37 0.33 0.30 0.2%
&/ 2/ 6.0l 0.13 0.26 0.40 0,49 0,73 0.42 0.37 0.28
5/10/ <o.01 0.0% H.18% 0.24 0.30 0.71 G.46 0.41 0.27
7/ 8/ c.02 e 0.11 ©0.13 0.14 0.21 0.17 G.21 0.18
8/ i/ 0.02 - 0.53 0.20 ©.17 0.18 Q¢.1i4 0.10 0.08
9,23/ 0.03 0,33 £.22 0.23 0,18 0.1% 0.32 02.08 0.03
11/ 3/ 5.0l 0.i0 ©.07 0.20 0©.12 0.21 © 18 0.i& 0.11
1z2/15/ 6.03 0.13 0.24 0.26 0.24 0.24 0,22 0.1% 0.11
1/10/76 0.01 .13 Q.24 0.22 .2} 0.22 0.20 0.18 0.12
2/ 8/ <0.01 0.15% 0.28 0.27 0.24 0,24 0.20 0.17 0.09
3/10/ n.02 0.25 0.30 0.20 0.1%9 ©.22 0.19 0.15 0.10
4/ 9/ 0.05 0.09 D.16 0,24 0.34 0.73 1.00 0.72 0.43
5/33/ 0.0l 0.06 0.09 ©.15 0.22 0.32 6.28 0.25 0.17
&/16/ <3.01 0.08 0.11 0.11 0.09 0,17 €.15 0.14 0.14
7712 <n.01 D.08 0.14 .14 0.14 ©.l8 0.14 G.10 0.06
8/ &/ .01 ©0.08 ©0.15 0.18 0.14 ©.20 0.07 0.06 0.03
g/ 2/ <p. 01 0.1l 0.20 0.20 0.14 0.14 0.08 0.05 0.02
16/ 6/ <0.01 0.11 0.24  0.20 0.17 0,20 0.14 - 0.05
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mable 14. Total Recoverable Iron {mg/L) of Water Samples taken from
Stations on the Boulder River during 1975 and 1976

Date Station
1 JEY:N 2 3 4 5 6 7 8

4/26/76 0.23 ©0.21 0.78 1.10 0.78 1.00 1.10 1.30 0.87
5/11/ 0.3% 0.90 0.70 2,30 1l.i¢ 2.70 2.30 0.92 0,82
5/24/ 1.80 1.50 2.00 2.4C 3.10 2.90 2.10 2.00 2.10
&/ 2/ 0.75 1.70 2.60 4,20 4,80 5.20 2.50 2.60 2.20
£/10/ 0.50 0.92 1.10 2.20 2.40 3.40 1.20 1.20 0.87
7/ 8/ 0.69 e 0.70 0.85 0.9% 1.60 1.10 1.40 1.70
8/ 7/ 1.60 - 2,10 ©0.70 0.40 0.52 0.55 (.43 0.&0
5/23/ 0.22 ©.21 0.22 0.33 0.33 0.3% 0.27 0.30 0.15
11/ 3/ 0.43 0.42 0.42 0.41 0.3% 0.41 ©.46 0.41 0.38
12715/ 0.47 0.35 ©.40 0.42 0.54 0©.45 0.58 0.48 0.33
1/10/74 0.27 0,18 0.21 0.28 0.30 0.30 0.29 0.32 0.28
2/ 8/ 0.28 0.22 0.28 0.48 0.48 0.38 0.62 0.35 0.28
3/30/ .54 2.00 1.50 0.43 0.49 0.86 0.852 0.40 0.27

4/ 9/ 1.40 1.10 0.75 1.40 2.10 3.60 4.20 2.80 1.80
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Tabkle 15. ‘Total Recoverable Copper {(mg/L} of Water Samples taken
from Stations on the Boulder River during 19875 and 1976

Station

Date
1 1-A Z 3 4 5 <] 7 &

4/26/75 <0.,01 <0.01 5,05 0.03 <0.91 <0.01  ©.01 <0.01 <0.01

5/1%1/ £.0z2 0.09 0.10 0.08 0.08 0.10 G.07 . <0.01 0,01

o

5724/ G.0L 0.0z 0.03 0.C4 0.05 0.07 .08 .05 06.04
6/ 2/ .01 0.06 .07 0.13 .15 0.18 GL10 0.08 0.07
&/10/ . <0.01 0.04 0.04 G.09 0.09 G, 15 0.06 0.06 .04
7/ 8/ 0.01 e .06 0.04 0.04 0.06 G.07 .06 .06
8/ 7/ <0.01 - 0.05 G.02 0.01 0.02 0.02 0.03 0.0l
9/23/ <0.01 0.02 0.04 0.02 0.01 0.62 .08 0.02 <0.01

v/ 3/ <G, 01 .02 0.01 <0.01% 0.02 <0.01 <0.0%1 . <©.01 <0.01%

12/15/ 0,01 <0.01  <0.01 0 <0.0L <0.01 0 <0.01 <0.01  <G.01 <G6.01
1/310/76 <0.01 0.0l g.0z 0.02 .02 0.02 0.02 0.02 C.0%
2/ 8/ <0.01 0.02 0,02 0.01 0.01 0.01 0.0% 0.0l <.01

3710/ 0.01 0.06 G.03 0.02 G.0Z2 0.03 0,02 .02 <G¢.CL

4/ 8/ G.01 0.01 0.04 0.06 0.10 0.24 .34 0.22 0.14
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Talkle 16. Total Recoverable Lead (mg/l} of Water Samples taken from
Stations on the Boulder River during 1975 and 1976
Date Station
1 i-A 2 3 4 5 & 7 g
4/26/75% <0.01 <0.01 <0.01 <0.01 0 <0.01 <C.01 <0.01 <0,01 ~<G.01
5/11/ <0,01 <0.01 . <0.01 0.05 0.02 0.05 0.05 <0.01 <¢.01
5/24/ Q.01 <0.01 G.06 0.09 .09 0.10 .09 0.06 0.07
&/ 2/ <0.01 <0.01 0.09 0.12 0.10 0.15 0.07 C.08 .05
£/10/ <G3.01 . 0.0l 0,06 0.07 0.09 0.10 0,06 .06 4,05
7/ 8/ <Q.01 w001 <0.01  <0.01 0.0 <0.01 . ©.01 0.05
8/ 1/ <0.01 - 0,10 <0.01 <0.01. <0.01 <0.01 <0.01 <0.01
9/23/ <0.01 0.05%  <0.01 <G.01. <0.01 <G.01% 6.05 <0.01 <C.od
11/ 3/ <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01L <0.01 <0.01
12/15/ <0,01  <0.01 <0.01 . <0.01 <0.01 . <0.01 <0.01 <0.01 <0.01
1/10/76 <0.01  <0.01 <G.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
2/ 8/ <0.01 <0.01  <0.01 <0.01 <0.01 <0.01 <0.01 <C.C01 <0.01%
3/16/ <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 .01
4/ 9/ <0,01 <0.01 <0.01 <D.01 0.07 0.19 G.24 G.1Z2 .05




Table 19. Total Recoverable Zinc {(mg/8) in Water Samples coollected
near the Mouths of Selected Tributaries during 1975

Tributary Location Date

5/11/ &/10/7 &/26/
zinc concentration

Lowland Creek 15 km above Station 1 - <0.01 0.03

igon Creek 4 km above Station 1 <03.01 5.03 0.07
Red Rock Creek 1 km above Station 1 <0.01 <0.01 0.01
Boomerang Creek 4 km above Station 2 - e 0.03
Galena Creek 3 km above Station 2 - <0.01 <0.01
Muskrat Creek 2 km above Station 3 <0.01 . <5.01 0.02

Littie Boulder River 5 km above Station 4 <(.01 .02 o on
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Table 27. Average

s

Number and Range of Numbers {in

parentheses} of

Aguatic Insects, by Subordinal Taxon at Stations on the
Boulder River for July 1876%
Station
Taxon T 5 3 = >
Ephemeroptera
Tricorythodes - - - — ——
Ephemerella 29 . 4s 1
e ’ (10-47} {0-1) (21-71) (0-1) -
Epeorus - - - —— -
Rhithrogena - e - — _—
Cinggmila - - - - —
Parcleptophlebia (2?13} - - — —
1
Ameletus (0-2) - - — _—
Pptis 11 4 119 26 t
i : (7-14) {3-6) (38-243) (10-42) (0-1}
Cdonata
. 3
Ophiogomphus —— - - — (1-5)
lecoptera
Nemoura — e e - -
Capnia - —— - - -
Brachyptera — - - — —
ot el ] 1 3 4z 126 6
Freronarcessa (1-2) (0-6)  (21-84)  (28-253)  (1-14)
. 1
Pteronaraeys (1-2) - — — —
S T " L 1 5
Teoperia (0-11 (0-2) (127}
2
Arcynopteryx - - e (1-3) ——
lgogenus - - — — -
3 3
Alloperla (1-4) -- - (0-2) e
Acronewria - - _— — -
Hetevoptera
. . t
Hesgperocoriia (0-1) - - - -
%
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Table 27 {continued)

Station
Taxon 7 5 3 5 =
Trichoptera
A i 1 4 5 L t
Agraycec (1-2) (0~6) (1-8) (0-1)
Hellocopsyche - —-— - — —
1 17
Hydropsyche (0-2) - = o (7-29)
17 ) 241
Chewnatopsycne e - - - (90-348)
Arctopsyche e - - _ —_—
Rhyacophila — - - _— o
Cilossosoma - - _— _— —_—
— 2 1 1 7 69
PACRYCENTIUS (0-3) (0-3) (0-2) (8-106)  (10-144)
b
Oecetis — e - - (0-13
" 1
Leptocella — - - - (0-3)
. 1 30
Lepidostoma - — (0-3) — (12-43)
h
Psychoglypha - — - — (0-1)
. t
Dicomoecus s - -— e (0-1)
Lepidoptera
Cataclysta — - _— —— .
Coleoptera
L
Lara = e - - (0-1) e
. T 1
Cptiocervus (0-1) - (0-1) - e
1
Microeyllospus - . - —

Haliplus - - (0-23



72

Takhle 27 {continued)

Paxon Station
i 2z 3 5 7
Diptera
Tipula —— - — _— —_—
Antocha - - - - ——
. 1
Hal - —— — —
elius (0-1)
t
Hexatome e — o (0-1) —
Pericoma - _— - — ——
Simulium ¢ + 52 1
e {0~-1} {0-2) {(20-114} {0-1)
ohi ronomidae 110 82 103 13 110
Lronpomaaa {75~200) {63-176) {52-146} {6-20] {B2~161%
. 14 45 i4d i
Athertz o (6-20)  {14-62) (9-26) (0-1)
nt. i t
Ephydra - o (0-1)
Totals 172 110 429 232 648

*Hyphen indicates zerc counts and t signifies trace amounts.
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rable 30. Checklist and Distribution of Aquatic Insects in the
Boulder River, Montana, August 1975 tc October 1976

Station

raxon i 2 3 4 5 3 7

Ephemercptera
Tricorythidae
Tricorythodes X
Ephemerellidae
Ephemerella X X X % X X X
Heptagenilidae
Epeorus ) b4 ¥ X
Ehithrogena X
Cinygmula X
Leptophlebiidae
Paraleptophlebia X
Siphlonuridae
Ameletus X
Bastidae
Baetis X X X % X X X

Odonata
Gomphidae
Ophiogomphus X

Plecoptera
Nemouyidae
Nemoura X .4 X X X
Capnia X 4 X
Brachyptera
Preronarcidae
Prevonarceella % b ¢ X b4 X X %
Pteronarcys X X X
Perlodidae
Isoperla X b A X X X X
Aroynopteryc b4 X X X X X
Alloperla X X % X X X X
Perlidae
Acroveuria X X X X h 4

Heteroptera
Corixidae
Hesperocoried X



Table 30 {continued)

Faxon Station
1 2 3 4 5 51 7 8
Coleoptera
Haliplidae
Haliplus X ¥ X X X
Elmidae
Lara % X ¥ X
Uptiocervus ¥ X X X X
Miercoylloepus X 4 X
Trichoptera
Hyvdroptilidae
dgraylea X b X X X % X
Heliocopsychidae
feliocopsyche X
Hydropsychidae
Hydropsyche X X X ¥ % ¥ b X
Chewnatopsyche ¥ X X
Arctopsyche X
Rhwacophilidae
Rhyacophila X X
tlossosoma X X %
Brachycentridase
Braohycentrus X X % X X X X X
Leptoceridae
Oecelis X X X b4 X X
Leptocella X X
Lepidostomatidas
Lepidostoma b X % o -4 X X ¥
Limnephilidae
Psychoglypha ¥ % % %
Dicosmoecus X p:
Lepidoptera
Pyralidae
Cataclysia X
Diptera
Tipulidae
Tipula % X X
Antocha X % % b4



